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This report describes the presentation “Seeing is Believing” by Morten Moerup
and Lindsey Muir used to explain the concept of the binding problem in the visual system
to 5th grade kids for Brain Awareness Day. We used Legos as a model to illustrate the
concept. Legos had to be assembled by the kids without them knowing what the pieces
were meant to be. From the kids evaluations it seemed as if the concept was well
communicated and that the kids had fun during the presentation. 
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The binding problem initially formulated by Von der Maldsburg in 1981 is, in a
general sense, the process responsible for functionally linking activity in the brain [10].
Patients suffering from different forms of illusory conjunctions give psychological
evidence that the binding problem is an actual problem for the brain [2, 6, 8, 12]. What
makes the binding problem especially interesting is that it’s believed that the unity of
consciousness is derived from several separable neural processes of binding [2].

To solve the binding problem, basic network theories propose the creation of
“cardinal” cells to represent particular combinations of signals from lower-order neurons.
However, the number of combinations to be coded by far exceeds the number of neurons
available in the brain [5, 10, 11]. This has led to “The Temporal Correlation Theory”:
The activity of low-order neurons can be combined only when their spike activity is
synchronized, or correlated, to within a few milliseconds to create a synchronously active
cell assembly. The Temporal Correlation Theory solves the combinatorial problem as the
synchronization would be dynamically modulated so that a particular cell can belong to
one cell assembly one moment and to a second cell assembly another [1, 6, 10, 11]. This
theory has found some experimental evidence as synchronization of spikes seems to be
an important aspect of binding in early visual processing [6].

The focus of the Kids Judge – Brain Awareness Day was to illustrate the binding
problem as a problem of the visual system. The visual system analyzes information by
decomposing complex objects into simple components such as color, motion, shape and
texture [3]. These components, or extracted features, are then integrated to understand
what is actually seen. The binding problem in the visual system becomes the problem of
achieving this integration, i.e. identifying the relationship among the features of an image
so that objects can be recognized [1, 9]. The brain does an amazing job solving the
binding problem of the visual system.  The final identification of the object is believed to
take place in the inferior temporal cortex [4] taking the brain less than 150 milliseconds
from seeing the object to identifying it [7]. The fact that binding is a difficult job is
revealed by many optical illusions which can be attributed to the brain binding features
incorrectly. 

The main message for the kids to understand was that seeing is the complex work
of putting all the pieces of information received from the retina together and that the
brain doesn’t always put these pieces together right - seeing is believing.  
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To illustrate the problem of binding in the visual system we gave a demonstration
that consisted of three parts. First, a poster explaining the background of the binding
problem in the visual system was shown to the kids, i.e. the fact that the retina extracts
information from the visual perception of an image and that this information is turned
into features such as color, form and texture and these features are then integrated in the
brain to actually understand what is seen. Secondly, the kids were given a task where
they themselves had to solve a binding problem. They were split in two groups. Pieces of
Lego intended to be a car was given to each group without the kids knowing what the
Lego bricks were meant to be part of. Once the kids had finished building the car, the two
groups assembled objects was compared to each other and with the actual intended car.
Finally, a poster with various famous optical illusions was presented to the kids,
illustrating how the brain, when solving the binding problem, doesn't always integrate
features correctly. The two posters presented to the kids can be found in appendix 1.
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By giving the kids Lego pieces of a car, without the kids knowing what the pieces
were meant to be, our model mimicked the brain getting pieces of information from the
retina of what is seen. The Lego bricks resembled the separate features of an image i.e. a
car and by trying to assemble the car the kids would try to perform the task of the
occipital lobe and higher visual areas of integrating features, binding. As the job of
assembling the car would be time consuming and difficult the kids would also get an
understanding of how amazingly fast the brain accomplishes the complex job of binding.
All though the children might do a good job making a car; the car would definitely
deviate from the actual intended car and the two groups' cars would also be quite
different from each other. This would reveal the complexity of the binding problem, i.e.
integrating the features right is very difficult and also give a basic understanding of the
fact that ‘what we believe we see' isn't necessarily right: Our minds manipulate our
perception of the world - seeing is a matter of believing. The visual illusions were to
emphasize this point, as the kids were able to directly see from the illusions that their
brains sometimes bind information wrong.
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Although there were great variations between the groups in how well motivated
the children were to hear about the first poster explaining the concept of the binding
problem in the visual system, all groups enthusiastically tried to assemble the cars. All
groups did a good job given the limited time of 5 minutes. None of the cars resembled
precisely the intended car, and each groups car were also quite different from each other
making it very illustrative that integrating features, binding, is not a simple task. The
visual illusions were also of great interest to the kids and they all seemed surprised how
their brains played tricks on them when seeing the illusions.
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Figure 1: Example of different groups' cars. Although all
the cars looked like a racing car, the cars were very different.

Figure 2: The setup of the presentation stand.Figure 3: Two groups in front of their assembled cars.

The kids were given an evaluation form asking, on a scale from 1-5, whether the
kids understood the presentation, found the presenters friendly, the presentation fun, and
whether they wished to learn more about the topic. The averages of the evaluations of 46
kids are shown in figure 4. Figure 5 displays the result for all the four presentations in
group A, we were group A2.
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Figure 4: Average of the kids evaluation Figure 5: Evaluation results for group A

As can be seen from figure 4 the kids thought on average that we were very
friendly giving 4.76 out of 5 points. It also seemed as if the kids understood the
presentation and had fun giving both categories 4.56 out of 5 on average. However, the
interest to learn more was a little less giving 4.13 out of 5 points. As can be seen from
figure 5 all the presentation in group A had quite good evaluations all above 4 and all in
good correlation with the place vote giving A1 the first place, A4 the second place and
A3 and A2 a shared third place. This is reflected by the correlation between average
evaluation and place vote which was quite close to an optimal correlation of -1 for group
A ranging from -0.6 for friendliness to -0.92 for the interest in learning more. 

In appendix 2 all evaluations for all groups can be found. As can be seen in the
appendix for group B although B4 had slightly better evaluations than B1 in all 4
categories, B4 was voted fourth place whereas B1 was third place. In group C the ranking
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seems especially strange when comparing evaluation averages with voted position. When
looking at each question's correlation with the place voting for each group there is no
consistent question determining the place vote. For group A it seems as if the interest in
learning more about the topic was most determining for the place votes whereas for group
C it seemed more to be the understanding of the presentation and in group D how fun the
presentation was. It is therefore hard to say what aspect was the most important for the
presentation in terms of place vote.

For our presentation, the kids wrote that building the car was the most interesting
followed up by watching the poster of the illusions. The kids learned a great variety of
things. A lot of the kids wrote different variations of our main point: Seeing is a matter of
putting pieces together. However, one kid felt nothing was learned and a couple of kids
focused on small details given during the presentation such as approximate 1/3 of the
brain is dedicated to vision, the speed of processing in the brain is fast etc.

The kids who wrote comments all had only nice things to say.  Responses
included awesome, cool, great job, very well planned to that was so much fun!!!

All of the evaluations were however not consistent.  For example, one kid gave
five points to question one stating a full understanding of what was presented while in
question 6 regarding what was learned wrote that nothing was learned.
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Around 48 kids evaluated each group giving quite a good population for a precise
evaluation. However, some inconsistencies were found. As for the place voting some
groups had poor correlation between evaluation points and place vote. Although the
correlations fluctuated a lot between each question and the place voting, there was no
question that seemed the most important for the place vote. This was a bit surprising as
we would have thought whether the kids had fun would play the major role for the place
vote. For our evaluations, some further inconsistencies between the different answers
were found. From our experience during the presentation it seemed as if the presentation
for some groups went really well and for other groups not as good. The kids' motivation
was very important for how well the presentation went. The first groups of the day, as
well as the groups coming right after lunch, seemed much more motivated and benefited
more from the presentation than the groups coming at the end of each presentation block.
The fact that the thing to be assembled was a car, seemed also to have the slight effect of
being more of an interest for boys than girls. 

When the kids evaluated the presentation they were in a bit of a hurry. Often it
appeared as if each question wasn't reflected upon, but more a general tendency to give
all the categories the same amount of points. Some kids also seemed to evaluate the
presentation as their group partners had done rather than making up their own mind about
the presentation. These factors unfortunately weakened the value of the evaluations.

When presenting the first poster we quickly realized we had to shorten the
presentation to only mention the most important concepts, as the kids were quite
impatient getting their hands in the Legos. However, after assembling the car and seeing
the illusions, the kids seemed much more interested in addressing the binding problem.
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Overall we think the presentation went really well. A lot of the kids definitely
seemed to have understood the concept of the binding problem and from the evaluation
also seemed to have fun. A better way to do the presentation might have been to start
with the visual illusions making the kids more fascinated by the problem at hand before
explaining the concept of the binding problem in the visual system. 
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We believe we succeeded in getting the concept of the binding problem
communicated to the kids during the Kids Judge – Brain Awareness Day. From the
evaluations it seemed as if the kids had gained an understanding of the binding problem
of the visual system, and that the model had been a fun illustrative way of showing the
problem. The evaluations were inconsistent to some extent but overall the kids had a very
positive experience. Although the model presentation went well, it might have been better
to open up the presentation by fascinating the children with the problem at hand rather
than going straight to the theory behind the binding problem in the visual system.
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Poster 1: Illustration of the binding problem of the visual system
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Poster 2: Illustration of how our brain doesn't always integrate features correctly.
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